That the causal organism of louping-ill is a filtrable virus is now generally accepted (Aiston and Gibson [10] , and Czarkowska-Gladney and Hurst [ii] ). Hurst [12] infected monkeys, and Findlay and Elton [13] transmitted the disease to field voles. We possess unpublished evidence that cattle also are susceptible, and may develop the disease naturally. Rivers and Schwentker [14] record that human beings who have come into close contact with the virus of louping-ill may develop in their serum neutralizing antibodies against the active agent, and illness suggestive of louping-ill infection is reported in three such individuals.
Our investigations into the pathogenesis of the disease in sheep and methods of prevention will soon be published in detail, but it may be stated here that there is a prodromal period in the naturally occurring disease, characterized by a diphasic fever. Virus can invariably be detected in the blood during the early part of the first febrile phase. The second febrile phase usually marks the commencement of symptoms indicating invasion of the central nervous system, and then virus is generally absent from the blood. Many natural cases of louping-ill, however, are abortive; in some of these, symptoms of central nervous system infection appear and pass off, whilst in others the only indication is dull ness accompanying the characteristic febrile reaction. Abortive attacks can be diagnosed definitely by detection of virus in the blood during the first febrile phase, by intracerebral inoculation of mice with citrated blood. There is also evidence that subcutaneous inoculation with formalinized vaccine prepared from the brain and spinal cord of infected sheep, produces antibodies capable of neutralizing virus introduced into the general circulation, thus preventing the active agent from invading the brain and spinal cord. This vaccine does not immunize the central nervous system, but extensive field trials show that it affords a considerable degree of protection against the natural infection. These observations suggest that the primary multiplication of this so-called neurotropic virus occurs outside the brain and spinal cord.
Since this is a discussion in comparative medicine, it seems appropriate to direct attention to the somewhat similar syndrome of naturally occurring louping-ill in sheep and the course of poliomyelitis in man. Of course, it is not suggested that the two diseases are identical, but, since the pathogenesis and epidemiology of poliomyelitis are subjects of considerable controversy, the study of louping-ill in sheep may present some noteworthy features to those interested in poliomyelitis.
At the outset I would mention that, having no personal knowledge of poliomyelitis, I am greatly indebted to the Report by the International Committee on Poliomyelitis [15] , organized bv Jeremiah Millbank of New York City.
The medical pathologist, whose material is man, is drastically handicapped by the limited extent to which experiment on the natural material is open tohim. He must take his problems as he finds them, and deny himself the help of almost all the preliminary simplifications which are the essence of the veterinary pathologist's advantage. When one's patient can be used as one's experimental animal, circuitous methods of investigation in determining the patbogenesis of a disease are not required. Thus, the investigation of louping-ill has been greatly facilitated by the fact that sheep, which are naturally susceptible to the disease, are also suitable experimental animals. Such facilities permit a study of the propagation of the infective agent in its natural host, and enable one to place greater reliance on the conclusions drawn regarding the natural route of infection and the epizootiology of the disease than can be placed on similar studies with an infective agent which has been adapted by artificial methods to an experimental animal. In the case of louping-ill, we have used the mouse mainly for determining whether virus is present in a given tissue. Fortunately, the pathogenesis of the disease could be studied in sheep. It was not necessary to make these studies on the mouse, and to argue from the analogous disease in that animal as to the nature of the infection in sheep.
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Comparative aspects of the .etiology and symptomatology of louping-ill and poliomyelitis.-Each disease is caused by a filtrable neurotropic virus. Schwentker, Rivers and Finkelstein L16] showed that immunologically louping-ill and poliomyelitis are not closely related-incidentally, it may be noted that the poliomyelitis virus used in their experiments was the " mixed strain " virus highly adapted to the monkey. Now, it appears from the work of Burnet and Macnamara [17] , Weyer [18] and others, that repeated passage of poliomyelitis virus through monkeys brings about an immunological change, and the recent work of Paul and Trask [191 shows that there is a qualitative immunological difference between a freshly isolated strain from a human source and a monkey-adapted strain. Accordingly, the question of immunological relationship between louping-ill virus and a freshly isolated " human " strain of poliomyelitis virus still remains open. The incubation period of naturally occurring louping-ill is usually between six and eighteen days, from the tinme of infection until the appearance of clinical symptoms. This corresponds with the incubation period of poliomyelitis infection. In the prodromal period of louping-ill infection there is usually a diphasic temperature reaction, and the second febrile phase is accompanied by the appearance of the first symptoms of nervous derangement, when these develop. This corresponds with the so-called dromedary type of prodromal symptom, described by Draper [201 for poliomyelitis. The virus of louping-ill has been detected in the blood of infected sheep concurrently with the initial rise in temperature, and in most instances a fall in temperature is followed by the disappearance of much or all virus from the blood. The virus of poliomyelitis has not been detected in human blood, but I am not aware that systematic daily examination of blood has been made during the prodromal stage. Arguing from the analogy of louping-ill, it is highly improbable that virus would be present in the blood when the symptoms of paralysis had developed. Flexner and Lewis [211 were able to show the presence of virus in monkey's blood if large quantities were drawn at the height of the disease. If the monkeys showed nervous symptoms at the time the blood was taken, these workers were probably fortunate in detecting virus. Leiner and von Wiesner [22] also reported success in 1 out of 5 tests with blood drawn from monkeys at different stages of the disease. Clark, Fraser and Amoss [23] detected virus in the blood of' monkeys in 1 out of 10 instances; the important point about this positive result, bowever, being that blood was removed at a fairly early stage of infection, namely, at the beginning of paralysis on the seventh day following intracerebral inoculation. In poliomyelitis it may yet be found that, as in louping-ill, virus is invariably present in the blood durinlg the early stage of the febrile reaction, and generally absent from the blood when paralysis has developed. In clinically obvious cases of poliomyelitis, paralysis of one or more limbs usually occurs. During epidemics the so-called abortive (Wickman type) and non-paralytic types of the disease have been recorded. The most convincing evidence of the occurrence of abortive cases has been furnished by Paul and Trask. [24J, who isolated poliomyelitis virus from the throats of two patients during a characteristic minor illness which was not followed by paralysis. In chronic cases of louping-ill, paralysis of one or more limbs usually develops, and on farms where the disease is prevalent sheep with various types of deformity are usually encountered. As already stated, the existence of abortive cases of louping-ill has been definitely established by the detection of virus in the blood during a febrile reaction, which was the only clinical manifestation of infection other than dullness and loss of condition. Such atypical infections are followed by immunity.
Comiparative aspects of resistance and immunity.-It is stated that the low case incidence of epidemic poliomyelitis has generally been taken to indicate that many persons are exposed to the virus without developing the typical paralytic disease. This inference, however, is only an indirect one and is not based on direct experimental evidence. The analogous evidence in the case of louping-ill is direct, since the specific virus has been detected in the blood of sheep during a minor illness accompanied by a febrile reaction which was not followed by paralysis. Further, in one of our experiments, 49 susceptible sheep were exposed to the risk of natural infection for two months; 53% of the animals died from all causes, and 60-9% of the survivors had acquired immunity to louping-ill. As in poliomyelitis, one attack of louping-ill usually confers immunity, and in both diseases neutralizing substances develop in the blood of infected individuals. The only reliable method of producing a typical case of louping-ill in sheep is by introducing the virus directly into the central nervous system. Subcutaneous or intravenous inoculation with virus is often followed by an abortive attack, or only a febrile reaction. In some instances, however, the typical disease, with involvement of the central nervous system, is produced. Intranasal insufflation with virus is an unreliable method of producing infection; admittedly, infection can be produced by this route, but, if it occurs under natural circumstances, it must be very rare. We have now had over 2,000 sheep under experiment without observing any precautions to prevent spread by contact, and we have no evidence to suggest that infection may spread by this means. The evidence on this point in regard to poliomyelitis in man is rather conflicting.
Active zmmunity.-In considering methods of prophylactic vaccination for the control of louping-ill, it was found that the central nervous system is a difficult tissue to immunize. Thus, formalinized vaccine inoculated subcutaneously does not protect sheep from virus injected into the brain, whereas it does protect against virus introduced subcutaneously. Subcutaneous injection of living virus, when followed by a febrile reaction in the inoculated animal, immunizes the central nervous system, but this method is attended by a risk of setting up the disease. Since the disease is transmitted under natural circumstances by a blood-sucking arachnid, and the primary multiplication of virus occurs in the blood, it was considered that the immunity afforded by the formalinized vaccine might be sufficient to prevent the natural infection. As already stated, although this vaccine does not produce immunity of the central nervous system, it is proving efficacious in the control of the natural disease.
Monkeys can be immunized against poliomyelitis by the subcutaneous inoculation of living virus. As in louping-ill, the method is attended by the danger of setting up the disease. To quote one example, Leiner and von Wiesner [22] inoculated four monkeys; one died of typical poliomyelitis after four injections; one developed the marantic type of the disease, and two died of an intercurrent infection. Success has not attended the efforts to produce immunity by dead virus vaccines. From the analogy of louping-ill, this is not surprising, since the immunized animals were tested by intracerebral inoculation.
Comparative aspects of the pathology.-The essential pathological .changes in the two diseases are closely similar, and are mainly confined to the central nervous system, where inflammatory changes occur with destruction of nerve cells, mainly the anterior horn cells of the cord in poliomyelitis, and the Purkinje cells of the cerebellum in louping-ill. From the comparative point of view, it is essential to draw attention to the fact that although the sheep, mouse and pig are all susceptible to louping-ill, the nature of the reaction in the central nervous system of these animals varies. Thus, in the sheep, as the lesions suggest, cerebellar ataxia is the main symptom. In the mouse, the nerve cells of the cord are mainly affected, and there is usually paralysis of one or more limbs, whilst in the pig, which generally does not develop a fatal disease, the interstitial reaction predominates.
Even in animals of the same species, the extent and location of lesions in the central nervous system may vary, and consequently the symptoms may not be typical.
Comparative aspects of the epizootiology of louping-ill and the epidemiology of poliomyelitis.-In forming an opinion on the epizootiology of louping-ill, it is probably well to bear in mind the insulatory mechanism which guards the central nervous system from injurious substances of haematogenous origin. Wilfred Trotter [25] gives a very clear conception of this mechanism. After reviewing the evidence, he states:-" We have a group of well-defined facts established by countless observations and capable of confirmation any time. They bring evidence from different parts of the nervous system, disclosing, even to superficial consideration, a clear common tendency. The conclusion to which all point is that breaches of normal coverings of the lnervous tissues allowing contact between the latter and other tissues of the body, result of necessity in energetic local reactions. The obvious function of such reactive processes is to re-establish the normal discontinuity between neural and somatic tissues, and to break the contact that has caused the disturbance."
McIntosh and Fildes [26] found that after intravenous injection of salvarsan and neosalvarsan in man and animals, no arsenic could be found in the brain, although its presence could be detected in tissues outside the central nervous system. This phenomenon is not due to a lack of affinity between the brain and the drugs, but to an inability on the part of the drugs to penetrate into the substance of the brain. After subcutaneous inoculation of massive doses of potent antitoxin into sheep, we have found that although the antitoxin can be detected in the blood, its presence cannot be detected in the cerebrospinal fluid. Whilst it cannot be argued that these substances are comparable to a living virus, the evidence suggests that injurious materials present in the blood have very definite barriers to overcome in gaining access to the central nervous system. It would appear that the epizootiology of louping-ill is closely linked with this fact, and the perpetuation of the disease in enzootic form is dependent on a high case incidence of the so-called abortive form, with a relatively low incidence of clinical cases; that is, cases in which virus has invaded the central nervous system. This aspect of the problem may also have some bearing on the explanation of the epizootiology and epidemiology of other diseases caused by so-called neurotropic viruses. It is generally recognized that a large proportion of old sheep on a " diseased " farm are immune to looping-ill, although they have no history of a clinical attack of the disease. Even in a group of yearling sheep received from diseased farms, Pool, Brownlee and Wilson found that 20% were immune, and we have found that after exposing susceptible sheep to the risk of natural infection, for two months, as many as 60o9% of the survivors were immune. Endemic poliomyelitis has its greatest incidence in children up to five years of age. There is an unexplained seasonal incidence, and it is generally regarded as a summer disease. Enzootic louping-ill is generally confined to lambs and yearling sheep; its incidence is also seasonal, occurring in the spring, and, to a smaller extent, in the autumn. The seasonal incidence of louping-ill corresponds with the season of maximum activity of ticks, which are the vectors of the disease. When an epizootic of louping-ill occurs in a sheep stock in which the disease has not been previously recognized, animals of all ages are liable to become affected. Similarly, epidemics of poliomyelitis in " virgin soil " have the same tendency. In the International Committee's Report, three " virgin soil " outbreaks are described; one upon the island of Guam in 1899, reported by Grunwell; one upon the island of Nauru in 1910, reported by Muller; and one in New Guinea in 1929, reported by Macnamara. In each outbreak there was a high mortality, mainly in young adults. An extraordinary feature common to each outbreak was the apparent immunity enjoyed by the children. This is a peculiar phenomenon, and might suggest that the incidence of subclinical cases in children greatly exceeds frank cases, with definite involvement of the central nervous system, whereas this may not be the case with non-immune young adults.
Among the many opinioDs on the epidemiology of poliomyelitis, the one expressed by Lavinder, Freeman and Frost [27] is of particular interest. They state that:
" While the incidence among a population affected by poliomyelitis, even in its severest epidemic form, is usually not high, yet this disease possesses not infrequently the power to spread widely-in fact, to become pandemic in a country. It has been suggested that an epidemic of infectious disease may be viewed as the resultant of two excursions, a vertical one representing the heaping-up of cases in any locality, as usually shown plotted on a chart, and a lateral one representing the extent of territory covered--the geographic distribution. Epidemic diseases not infrequently show decided variation in these two movements. Certain of them like dengue, for example, show a most striking vertical movement along with a very limited lateral movement. Poliomyelitis has exhibited a significant power of lateral movement, and, up to the present time, in much greater degree than its power of vertical excursion."
This " creeping tendency," as Dale [28] calls it, suggests a limiting factor of host resistance, a sparse but widely spread population at risk, and a widespread virus. This opinion on the epidemiology is compatible with the view that poliomyelitis may be a systemic infection with the specific virus which, under favourable conditions successfully invades the central nervous system and is responsible for the symptomcomplex of poliomyelitis. Such a definite view would materially assist in solving many of the baffling problems in the epidemiology of poliomyelitis. In view of the modern trend of opinion (Walshe, Annual Meeting of the British Medical Association, 1933) that poliomyelitis is probably, from the outset and exclusively, an infection of the nervous system, it may be of comparative interest to draw attention to the fact that in an -analogous disease of sheep-louping-ill-there is a high infection incidence of the young population, a large proportion of the cases being sub-clinical infections which can only be diagnosed by detection of virus in the blood, and a small proportion of frank cases with symptoms indicative of central nervous system infection. Thus in the perpetuation and spread of this disease, systemic infections probably have a more important r6le than actual clinical cases.
Summary.-Louping-ill, an encephalomyelitis of sheep, is caused by a filtrable virus possessing neurotropic characters. UTnder natural conditions of infection, the disease is tick-borne, the vector being Ixodes ricinus L. At first it would seem a curious atiomaly that a blood-sucking arachnid has the role of transmitting a neurotropic virus, but the apparent anomaly is explained by the fact that multiplication of this so-called neurotropic virus occurs primarily in the blood. Invasion of the central nervous system by the virus occurs at a late stage in the infection, and is responsible for the characteristic symptoms of the disease. In the naturally occurring disease, invasion of the central nervous system is not a constant feature. Cases occur in which virus does not gain access to the central nervous system. Such abortive types of the disease can be diagnosed by the detection of virus in blood drawn at an early stage of the febrile reaction which accompanies the infection. It seems highly probable that the incidence of abortive types of the disease greatly exceeds the number of frank cases with central nervous system involvement.
From a comparative point of view the study of louping-ill in sheep would suggest that in the early stage of poliomyelitis in man, before obvious clinical symptoms have developed, the specific virus may be present in the blood. If such early blood infection were demonstrated, present views regarding the nature of poliomyelitis infection, and its prevention and treatment, would require revision.
Mr. W. A. Pool: " Louping-ill " has, hitherto, only been regarded as of interest to a limited community-sheep farmers and those associated with them, in a restricted part of a small country. During the last year or. two, however, considerable interest has been aroused in the subject, for various reasons, notably the opportunity of studying a new virus which is easily obtained, and easily and cheaply maintained in the laboratory, one that has properties somewhat comparable to those of an important human virus, and is itself capable of infecting man.
INomenclature.-The nomenclature of louping-ill has not raised the general scientific standard of virus disease nomenclature, but the name perhaps has the advantage of being descriptive, although, in my experience, it emphasizes a part of the syndrome that is not striking to the observer who is shown declared cases. It rather emphasizes the extraordinary observational powers of the shepherd and flockmaster as indicating a prodromal stage-a stage of hyperiesthesia, which may be of very brief duration, and in many cases easily overlooked-representing a phase of the syndrome which appears to them to be outstanding, the paralytic symptoms and deaths being, from their point of view, merely fairly common sequelae.
The term " louping-ill " is, however, only used on the borders of England and Scotland. In affected parts of the Western Highlands the disease is called " trembling." This brings up another point in nomenclature. Scrapie," a sheep disease of unknown wtiology, of very restricted distribution, and devoid of any resemblance to " louping-ill," is known in continental literature as " La tremblante" or " Traberkrankheit." It is natural for continental writers to translate "trembling" into " la tremblante," and then opportunities for misunderstanding are opened up. This actually occurred recently, a French writer, L6pine, having used the term " la tremblante " in connexion with work on " louping-ill " virus sent to him by me.
The incidence of louping-ill.-As far as I know louping-ill is only known in certain areas of the border counties of England and Scotland, and in the Western Highlands. A word of warning is necessary here. The Board of Agriculture, Braxy and Louping-ill Committee of 1900, published a map showing a number of affected areas in England and Scotland, The Committee sent a questionnaire to sheep farmers, and apparently accepted the statements received in reply. The map published by the Committee, and said to show the distribution, should therefore be regarded with suspicion.
The type of farm is always rough hill grazing, and it is on such land that ticks are found. There is still much to learn as to the conditions determining the presence or absence of louping-ill on farms in the affected areas. To study this question I obtained a complete map of the county of Selkirk, showing all the farm boundaries, and commenced to make a detailed survey of all the land in the county, and to mark that affected and.the various conditions that appeared to be of importance. ' Affected " and "clean" farms are often fairly close together, a point which is referred to in the third report of the Committee of the Highland and Agricultural Society (1884). To take one district as an example-the Ettrick valley in the county of Selkirk. The farmer, from whose sheep the virus was originally isolated in 1929, has a number of sheep farms all within a radius of about twelve miles, and in more or less the same type of hilly country. At least two of his farms which, roughly, appear to be fairly similar to affected ones, are definitely " clean," and he cannot safely bring sheep from a " clean " farm to an affected one during the season when ticks are prevalent. It is often said that the farms at the top of the watershed tend to be " clean."
Unfortunately, for certain reasons it was not possible to proceed with this survey.
Susceptible species of domesticated animals.-The disease primarily affects sheep.
There is plenty of evidence that, on some farms, cattle contract the disease if grazed on infected areas, but the danger to cattle is apparently considered by farmers to be greater in some parts of affected country than in others. In some parts there is a history that pigs on affected land may contract the disease. Most shepherds keep a pig or two for their own use and, on louping-ill farms, are often careful that the pigs do not leave the sties. On the farm from which the virus was first isolated, however, there was no history of infection in pigs. I have never heard of louping-ill in a horse, although horses are exposed on affected land. The susceptibilty of wild animals and birds is worth attention.
Seasonal incidence.-This is very marked: the important season in all louping-ill areas is the early spring, varying to some extent from year to year, but occurring roughly from the middle of March to the middle of May. In some parts, in my experience in the Western Highlands, there is a marked, but less important, incidence rise in the autumn. In other areas, however, autumnal incidence is not mentioned.
Early investigations.-Now that the cause of the disease is known, ib may appear unnecessary to waste time over the earlier work on the subject. The disease, however, has not yet been controlled or eradicated, and much of the earlier work may be of value when interpreted in the light of modern knowledge.
Some of the earlier investigators were hampered by lack of knowledge of particular aspects of the problem. For example, in the work carried out at the end of the last century, the ignorance of the writers as to the life histories and habits of the ticks concerned resulted in faulty experimentation. Ignorance of bacteriology or misapplication of knowledge, which were not always justifiable, were responsible for most of the errors-notably in the work of Klein (1893), of Meek and Greig Smith (1896 and 1897)-of those responsible for the report of the committee appointed by the Board of Agriculture (1906) and of McGowan (1915). M'Fadyean (1894 and 1900) pointed out the errors of previous authors who had worked on louping-ill and his statements are still sound. There is a curious omission on the part of some of the later authors to give attention to M'Fadyean's articles.
There can be little doubt that Stockman produced the disease in some of his inoculation experiments, but the results were so irregular that it has always been difficult to assess the general importance of his work. In most of his experiments in sheep the reactions to inoculation were limited to a rise in temperature, in many cases only to 1050 F. The number of instances in which a syndrome comparable to that of louping-ill was produced was small: and, in some of the experiments, the inoculum was contaminated. In such circumstances the production of paralytic symptoms in an odd case could not be given weight. It is to be presumed that " tick-borne fever" caused at least some of the temperature reactions obtained by Stockman.
The history of the investigations leading to the isolation of the virus is perhaps worth discussion.
By 1S28 much information as to the disease had been accumulated, but intensive work on the subject was not possible. As an odd experiment, there was an opportunity, in 1928, to feed and inoculate young pigs with material from louping-ill cases. The pigs fed on various tissues remained healthy. One pig, however, which was inoculated subcutaneously with a suspension prepared from the spinal cord of a natural case, and two days later inoculated subcutaneously with similar material from another case, developed a febrile reaction after an incubation period of a few days. Twelve days after the first inoculation it was acutely ill and trembling violently; quite early in the illness there was paralysis of the muscles supporting the head so that the nose could not be lifted off the ground. The animal recovered from the general symptoms, but the paralysis was still very marked, and, in the course of a year's observation, the use of the muscles was gradually and partially restored. At the time this was merely regarded as an interesting result, as similar inoculations in sheep had so often failed to produce such a syndrome. There was no opportunity, however, to repeat the experiment until the following year.
At the beginning of the 1929 louping-ill season, it was possible to deal intensively with the work.
Inoculation experiments in pigs and sheep by the intracerebral route with inoculum freshly prepared from the central nervous system gave positive results. The reaction in pigs, however, bore a closer re3emblance to the typical louping-ill syndrome than did those in sheep: in pigs, paralytic symptoms and tremors were striking, but in sheep the disease tended to run a peracute course, and this might have been attributed to the operative procedures.
Owing to the numerous records, in earlier published and unpublished work, of failure with sheep, passage in pigs was relied on at first and this soon led to a disconcerting check, as the virus could not be passaged through more than one generation in pigs. It was soon obvious, however, that virus passaged through pigs was infective to sheep, but not to pigs, and that it could be maintained in series in sheep or in sheep to pig. Thereafter, pig inoculations were omitted and sheep were used exclusively for the main experiments. It was then relatively easy to work out the preliminary stages of the study of the virus-its distribution in the body, the paths of infection, the viability, the dilutions in which virulent material would infect, etc. Why was the virus not foutnd by the earlier investigators ?-This point is worth attention as something may be learnt from it which may apply to similar investigations in the future.
The virus was missed by the earlier investigators because they did not design and follow a suitable plan of sufficient magnitude. The reasons for their failure may be classified thus:
(a) Failure to investigate systematically and thoroughly potentially infective tissues; (b) failure to allow for a fairly big margin of regular response in the test animals-in other words, to use systematically sufficient test animals in each experiment; (c) failure to work systematically and thoroughly through the potential paths of infection. Through one or other of these causes, some investigators no doubt just failed to discern the truth, while others were probably unfortunate in meeting with atypical response on the part of some of the few animals used in the experiment. Moreover, the failure in these circumstances misled others who followed them.
Tick eradication.-Whether or not tick eradication in affected areas is economically worth while has still to be settled. It would be a great advantage to remove ticks, but that would not eliminate all the serious sheep disease from these farms. It would presumably improve the value of the farms, but it is difficult to assess the extent of such gain.
Miscellaneous observations.-One of our earliest experiments was to ascertain if contact infection occurred in sheep, but the results were negative. The only evidence of contact infection in experimental conditions is that of Alston and Gibson (1931) , who claimed that it occurred in mice and now there are the recently reported infections in human beings. I have carried out some relatively small-scale experiments with mice infected by intracerebral inoculation, which were placed in contact with healtby mice, but never saw an instance of contact infectioti. Nor have I heard of a human being contracting louping-ill on affected farms. When I first heard of human infections, I wrote to a well-known landowner in the Western Highlands, who is interested in the general question of louping-ill and has infected farms, to ask his experience of human infection. After making inquiries in his neighbourhood, he informs me that he cannot trace any suspicion of such an occurrence. It is possible that cases do occur, but are wrongly diagnosed, or perhaps looked upon as cases of influenza.
The virus which has infected human beings has, of course, presumably become very artificial from passage in mice. There is great variation in the reaction of susceptible species to louping-ill, ranging from that exhibited in the pig to that in the sheep and in the mouse, these reactions being comparable to the effect of the virus on the nervous system. Transfer in animals such as mice, which show such a different reaction from that of sheep, must profoundly modifiy the virus. Hence it is possible that virus artificially passaged in mice is more dangerous to man than field virus. Those of us who worked in 1929 must have come in contact with heavy infection in sheep and pigs, but all appear to have remained in perfect health.
This brings up the question of the policy to be adopted in working with such a virus. Data obtained from a study of a highly modified virus may yield misleading results. Perhaps it would not be unfair to suggest that' work on poliomyelitis virus has often suffered from the fact that it has been carried out with virus which has become artificial owing to years of passage in laboratories. It is easy to obtain field louping-ill virus in the spring and autumn and it can easily be maintained in vitro, so there should be little difficulty in using virus that has undergone a minimum of modification.
Finally, louping-ill virus offers to workers in this country a wonderful field of study, as it is a unique example of an easily available virus disease in which an invertebrate vector is considered to be involved. Apart from the general observation of circumstances in which transmission is effected, a detailed study of the virus in the tick yields a great opportunity for important fundamental research.
Mr. I. A. Galloway: A study of the filtrability of the virus of louping-ill through graded collodion membranes has been made by Elford and Galloway (1933) . Previous investigators, who had almost invariably employed broth as a medium oil 710 of suspension, found that the virus consistently passed the more permeable grades of laboratory filter candles. We found that a stock filtrate through a permeable collodion membrane of A.P.D. 05 ,u to 0-8 ,u was of high virus potency. The limiting infective dilution of such stock filtrates was invariably at least 1: 100,000. A collodion membrane of an A.P.D. 40 m,u always completely retained the virus under the best possible conditions for filtration. The size of the virus particles is therefore estimated to be 15 to 20 m,u. -The virus is second only to that of foot-and-mouth disease in order of smallness among the viruses so far examined. The filtration end-point was checked by inoculation of bothi mice and sheep. Another point of interest is that the virus proved to have retained its infectivity for sheep after forty passages in mice over a period of 687 days.
Buffer solutions, containing inorganic salts, such as phosphate and boric acidpotassium chloride mixtures, were found to be injurious to the virus (Elford and Galloway, 1933). Schwentker, also reported that Locke's solution has a similar toxic effect on the virus. The pH of virus suspensions in broth must therefore be adjusted by addition of 0 1 N bydrochloric acid and 0-1 N sodium hydroxide. The virus (broth filtrates) dies off rapidly at room temperature, a 90% drop in infectivity occurring in twenty-four hours at pH 7-6, and even greater deterioration at a more acid or alkaline pH.
The general impression conveyed by the results when the virus was kept in the cold (40 C.) was that it survives best in slightly alkaline medium, pH 7-5 to 8-5. Systems at these hydrogen-ion concentrations, after seventy days' storage in the cold, were found to be still infective. Our results (Elford and Galloway, 1933) , and those of Webster and Fite (1933) have shown quite definitely that mice can be regularly infected by the intranasal instillation of virus. In our experiments mice from nine different stocks were found to be equally susceptible to infection by this route. It may be recalled that Hurst (1931), Findlay (1932) , and Schwentker, succeeded in infecting monkeys (M. rhesus) by the intracerebral inoculation of virus. The results of recent experiments, made in collaboration with Dr. J. R. Perdrau and to be published later, have shown that monkeys can also be infected by the intranasal instillation of virus. A progressive ataxia of cerebellar type was the dominant clinical feature, as in the case of monkeys infected by the intracerebral route. Proof of infection was obtained by recovery of the virus by mouse passage from the nervous tissue of monkeys developing fatal symptoms, by cell counts on the cerebrospinal fluid during the course of the disease, there being a mononuclear cytosis, by examination of the sera of recovered monkeys for neutralizing antibodies, and by histological examination of the nervous tissues. Sections stained by Bielschowsky's silver impregnation method showed that, in spite of the disappearance of the Purkinje cells, the basket network was preserved (cf. " parenchymatous cortical cerebellar atrophy in the human being ") (Parker and Kernohan, 1933). Rivers and Schwentker (1933) recently reported that four individuals, who had come in close contact with the virus showed signs of a non-fatal illness " which seemed to be influenza" and which in three instances was followed by encephalitis. The authors also conclude, from their results of a comparative examination of the sera of these patients and of various other human sera, that individuals who come in close contact with the virus of louping-ill may develop in their sera neutralizing antibodies against the virus. We have examined a number of human, monkey, and sheep sera and our results will be published later. Only those sera from monkeys or sheep previously infected with the virus have shown virus-neutralizing properties, and a general consideration of these results, along with those we obtained from the examination of human sera, strongly suggests, as Rivers and Schwentker (1933) have indicated, that man can be APRIL-COMP. MED. 2 * Proceedingss of the Royal Society of Medicine 22 infected with the virus of louping-ill with an accompanying development of antibodies in the serum.
We bave not found that seta from humans or monkeys recovered from poliomyelitis;are capable of neutralizing the virus of louping-ill (of. Schwentker, .
Pinally, I wish to mention some preliminary experiments made with Dr. F. M. Burnet, the results of which indicate that the virus of louping-ill can be propagated in the developing chick embryo. It has been found on testing eggs inoculated with then virus, that the virus is present not only in the chorio-allantoic membrane, but also in the tissues-e.g. the brain-of the embryo in high concentration.
